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INTRAVASCULAR FILTER AND METHOD 

Related A pplications 
This application is related to U.S. Patent Application Serial No. 
08/813,794, entitled "Distal Protection Device" and U.S. Patent Application Serial 
No. 09/035,740, entitled "Distal Protection Device and Method", both of which 
are incorporated herein by reference. 

Background of the Invention 
The present invention relates to the field of minimally invasive, 
percutaneous procedures such as angioplasty, 'in part.cular, the invention relates 
to a distal filter for use during such a procedure. 

Angioplasty, atherectomy and stent placement, among other procedures, 
have become well accepted for treatment of coronary lesions. These procedures 
are often performed as an alternative to coronary bypass. It is also possible, 
however, that a saphenous vein graft, which is used to bypass coronary lesions, 
may itself develop a lesion. These lesions may also be treated by minimally 
invasive procedures such as angioplasty, atherectomy and/or stent placement. 

When lesions are treated by these minimally invasive, percutaneous 
methods, it is possible that particles of plaque, thrombus or other material may 
break loose from the lesion and drift distally into the smaller coronary arteries. 
When these minimally invasive methods are performed on native arteries, the 
Plaque or thrombus released during the procedure rarely cause embolization. 
When these procedures are performed on saphenous vein grafts, however, the 
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incidence of embolism oue t0 the breakjno 

oreakmg ° ff of P la que or thrombus from the 
vein graft is substantially ^ man ^ ^ ^ 

The inched incite of emboli^ is belleved „ b , ^ ^ fa 

larger diameter of the graft results in , .1 

° U " S m 2 slower bi °°« low velocity through the 
graft than the native arterv In aI Mi,;„„ ,■. , 

V- add,.,on, the plaque and thrombus of vein grafts is 
somewhat more fragile than , hal found jn ^ ^ 

As the difference in embolism associated with treatmen, of native anenes 
fCdUCe OTb °" Sm " gra fi les , on , ^ 

toward the brain. 
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PrCSen ' mVem,M - - avascular fifter for use d un „„ 

mmima " y ~ P ~ — ^ ftlter is preferably p| J 
d-n, wi,„,„ the blood stream, of the site of the interventional procedure The 

A filter assembly in accordance with the p rescnt invemion ^ . 
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end. An elongate wire extends at least in part through the catheter. The wire has 

a proximal end and a distal end. A filter is connected to the wire proximate the 
distal end of the wire. The filter, during delivery and retrieval from its 
deployment site is preferably at least, in part, disposed within the housing. 

By retracting the catheter relative to the filter, the filter emerges from 
within the housing to a position outside the housing for deployment of the filter. 
When the filter is disposed outside the housing, the filter can be drawn into the 
housing by pushing the housing over the filter. It is preferable, however, to 
retrieve the filter with a different catheter having a housing having a larger inside 
diameter than the housing of the catheter used to deliver the filter. 

It is preferable that the distal end of the housing be atraumatic. This can 
be accomplished by using a soft atraumatic material for the filter distal end. 
Additionally, if the catheter is a delivery catheter, the distal end can also be 
tapered by heat shrinking the distal end of the housing around a portion of the 
filter. The filter itself can also be slightly wider than the distal end of the housing 
such that the filter acts as an atraumatic distal end of the filter assembly. The 
distal end of the housing can also be rounded inwardly toward the filter. In yet 
another embodiment, the distal end of the housing can include an elastomeric 
sheath which tapers distally. In still another embodiment of the filter assembly, a 
collapsible shell can be connected to the wire. The shell is preferably disposed 
substantially distally of the filter. The wire can include a spring tip. 

Where the catheter is a retrieval catheter, a housing atraumatic tip insert 
can be disposed within the housing and extend distally therefrom while the filter 
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be treated, the wire can be used as a guidewire for advancing angioplasty, 
atherectomy, or other devices thereover. 



Brief Description r» f the Drawing 
Figure 1 is a partial cross sectional side view of a delivery catheter and 
filter in accordance with the present invention; 

Figure 2 is a partial cross sectional view of the catheter and filter of Figure 
1 wherein the filter is advanced distally from the catheter; 

Figure 3 is a view of a shaft of a catheter in accordance with the present 
invemion including a collapsible portion; 

Figure 4 is a view of the shaft of Figure 3 wherein the collapsible portion 
is collapsed; 

Figure 5 is a view of an alternate embodiment of the filter in accordance 
with the present invention; 

Figure 6 is a cross sectional view of the filter of Figure 5; 

Figure 7 is a s.de view of the filter of F,gure 5 disposed within a delivery 
catheter; 

Figure S is a side view of the catheter and filter of Figure 7 rotated 90° 
about the longitudinal axis thereof; 

F.gure 9 is an alternate embodiment of a delivery catheter housing; 
Figure 10 is a distal end view of the housing of Figure 9; 

Figure 1 1 is yet another alternate embodiment of the delivery catheter 
housing; 
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Figure 19 ; c PCT/US00/04975 

ho U si„ g; " " a " eraaK emb ° dimem ° f - — - 

Ffr» -3 is another a]leraaIe embodjm£M ^ ^ m 
Housing; 

housing; 

over ihe distal end of the housing; 

fig™. 6 shows the she,, in acoUapsed position- 

/^-----seetionaiviewora^aua^ine,^ 
a tip insert and filter; = 

Figure 1 S is a view of th* r,i— 

of the filter engagmg the tip insert of Figure 1 7 

th Fi -"— — a„d„ lter o fRgurel7withdrawn ; ntothe 

catheter; 

retneval ca,h ct „. m.er and retneval catheter insert; 

partially withdrawn into the catheter. 
Figure 22 is a partiai cross sec 

01 an aIt <™e embodiment of a 
retneval catheter, filter and retrieval catheter insert; 

retneval catheter, filter and retrieval catheter i 



insert; 
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Figure 24 is a view of a manifold for use with the embodiment of the 
retrieval catheter of Figure 23; 

Figure 25 is a cross sectional view of the manifold of Figure 24 wherein 
the wire has been drawn proximally to withdraw the filter into the housing; and 

F lg ure 26 is a cross sectional view of an alternate manifold in accordance 
with the present invention. 



Detailed Description of rh P [mention 
Referring now , 0 the drawings wherein like reference numerals refer to 
like elements throughout the several views. Figure 1 is a partial cross sectional, 
side view of a filter assembly 10 in accordance with the present invention. Filter 
assembly 10 includes a delivery catheter 12. Delivery catheter 12 can include a 
proximal section 14 coupled to a distal section 16. Disposed at the distal end of 
catheter 12 is a filter housing 1 8. Filter housing 1 8 has a distal end 20. As known 
to those skilled in the an, a manifold having guide wire and side ports can be 
disposed at the proximal end of catheter 12. 

Catheter 12 preferably defines a lumen 19 extending therethrough. In the 
region of housing 1 8, lumen 1 9 preferably has a diameter of between 2F to 5F and 
more preferably, between 3F to 4F and most preferably, about 3F. The diameter 
of lumen 19 in shaft sections 14 and 16 is preferably between 2F and 5F and most 
preferably, about 2F. 

The length of the delivery catheter is preferably sufficient to reach a 
treatment site in a coronary artery or graft from a femoral approach. It can be 



7 



WO 00/49970 

appreciated, however that if *n .it PCT/usoo/04975 
' uwcver - wat if an alternate approach snrh u u - , 

wroacn such as a brachial approach is 

taken, or an alternative target site is desired, the length of the * u 

' ne ,en » tft of th e catheter should be 

appropriate to the specific use. 

The catheter can be manufactured from anv of a 

° m an y of the appropriate 
biocompatible materials from which one skilled in h. 

one skilled in the art would be aware. Shaft 

portions 14 and 16 should ™^ c 

be made from . materia , ^ ^ 

to be advanced throuah a tortuous „.,h . 

• " S Pa ' h '° a **« Marker bands ear, be 

Plaeed on catheter 12 to guide ,he placement of filter 2 , . 

Disposed and compressed within catheter ,0 is a filter 21 . FilKr 2 , 
includes a membrane 2 "> disnn^H in , 

posed m 2 Senera "^ c ™<*' arrangement Membrane 
-2 defines a plurality of aoerturM -11 . . j. 

' P UreS " meni '"l »>=re,hrough. Filter 21 also 
includes a frame 24 which preferably ia fomv~t «. 

y ' S formed ft ° m * Z'SZag member which in a 

collapsed -meter of fiame 2, ts pre ferab, y aboutthe same bu, less than the 
— ^eter of lumen „ „ housing The ^ rf ^ ^ ^ 

^ 24 Md WS 26 " Preftrab ' y benVeCT "~ 5 — - - - 
preferably between 10 mm and It) mm ; 

30 mm, and most preferably approximately >0 

-tng method, wherein the ,i quid membrane polymer is dtpped oyer the 2 ig,g 
frame and allowed to cure and solidify. 

Filter 21, including membrane 2^ and ft*™ ->* 

- and frame 24 are attached to a wire 26 
which extends the length of catheter p n*. ■ ■ 

necer j 2 . The proximal end of filter 21 is 

connected to wire ^6 hv „ 

^ " m ° re 28 — S from frame 24 ,o a stop 
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29. Stop 29 can be a clamp or wire winding, solder or other connector. At the 
distal end of filter 21, membrane 22 may be adhered to wire 26 by a suitable 
adhesive such as, for example, cyanoacrylates. A coil tip 30 such as one known 
to those skilled in the art is preferably disposed at the distal end of wire 26. 

Wire 26 is preferably formed from stainless steel, NiTi alloy and/or other 
suitable biocompatible materials known to those skilled in the art of guidewire 
construction. Wire 26 can also include a radiopaque marker band or plating to aid 
in the placement of filter 2 1 . Frame 24 and tails 28 are preferably formed from an 
NiTi alloy such as Nitinol, but can comprise stainless steel or other suitable 
materials. Frame 24 is preferably heat set to expand to the configuration shown in 
Figure 2 when exposed to approximately body temperature. 

Membrane 22 of filter 21 preferably has a thickness of between 25 
microns and 100 microns and most preferably about 40 microns. The filter is 
preferably formed from polyurethane or other biocompatible material such as, for 
example, polyesters or silicones. The filter can be coated with various coatings to 
impart various functional performance characteristics, one example being a 
thrombus resistant coating such as Heparin to discourage clot formation on filter 
21. Apertures 23 can be drilled in a precise pattern using excimer laser or other 
ablation techniques or by mechanical techniques. 

The size of apertures 23 can vary along the length of filter 21 for example, 
larger apertures may be placed more proximally and smaller apertures more 
distally or vice versa. The size of the apertures may transition gradually or 
abruptly in a proximal or distal direction. The apertures shape can vary from 
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apenures can be mechanically or chemicallv rh» r , 

cnemically chamfered, etched or polished to 

thrombus formation, the apertures si 7P ™a a ■ 

P u s 26 md deS1 ^ should be such that the shear 
forces that blood components are e v„ ncwl . 

P are exposed to are appropriate while blood is 

St3gnatl0n ^ re - C,rCUlat ' 0n ° f * - — the filter wh„e the niter 1S in 
use. 

section 14 and distal section 1* ru 

secon 16. These sections can be releasably coupled 

POn '°" 35 AltOTa ^ * — ^ be ^ As will be exp|ained 
- ««.**. be,„, by providins , he abnily , o separaK cathe(er _ 2 ^ 

is then withdrawn distally such that filter ? i ™ 

y tnat filter 2 1 can expand ,n the direction shown by 

the arrows in Figure 2 Filter ?i ci, ij L 

- Fdter 21 should be allowed to expand such that it 

substantially traverses the cross sectional area of the vessel. 
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If catheter 12 is divided into sections such as section 14 and 16, catheter 
12 can be completely removed from the body over a wire 26 having a standard 
guidewire length of about 180 cm for a femoral approach to a coronary artery or 
graft. First proximal section 14 is backed out of the body while holding the 
proximal end of wire 26 as coupling 32 emerges from the body. Section 14 is 
uncoupled from section 16 exposing wire 26 therebetween. Wire 26 disposed 
between section 14 and 16 can then be grasped and section 14 removed 
proximally from wire 26. Section 16 and housing 18 can subsequently be 
removed proximally from wire 26. The length of sections 14 and 16 and the 
length of wire 26 are preferably such that a physician can at all times during 
removal of catheter 12 grasp a portion of wire 26 disposed outside of the patient's 
body. It should be understood, however, that catheter 12 need not be a single 
operator exchange catheter but rather can be an over-the-wire catheter or other 
type as known to those skilled in the art. 

Once catheter 12 has been removed from wire 26, wire 26 can be used as a 
guidewire for advancing surgical instruments thereover. For example, an 
angioplasty balloon could be advanced over wire 26 to a location just proximal of 
filter 21. While filter 21 is deployed, angioplasty can be performed. Plaque and 
thrombus dislodged by the procedure will then drift distally into filter 21. It is 
anticipated that other procedures will be preformed in this way including, for 
example, atherectomy and stent placement. 

Figure 3 is a side view of an alternate catheter 1 12 having a proximal shaft 
section 114 and a distal shaft section 116. Proximal shaft section 114 is 
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exceed t0 dlstal ^ ^ , fey a ^ ^ ^ ^ ^ ^ 
When catheter 1 ,2 is withdrawn in ftc directio „ ^ ^ ^ ^ ^ 

-pec, t „ catheter 12 . ^ prMima| shaft ^ | m . wj(hdrawn 

•hen be advanced proximarely relative to proximal secion , ,4 aa shown in Figure 
4. Braided sectton ,3: can lhen be collapsed ,o shorten the overall ,e„ gth „f 

cathelerlI2. The length of sections 1 14 hs^hiv, , 

cuons 114, 116 and 32 relative to wire 26 should 

be such that wire 26 can be aram.H k„ . v. 

grasped by a phy s ,c,an at all times during removal of 

catheter 112. 

Figure 5 is a side view of an altema^ fiiw n. • 

Uernate filter 12 1 m accordance with the 

present invention. Like fi„e r 21. filter , 2 , incIudes . mcmbrane ^ ^ § 
Ptalhy of apertures ,23. Ftlter ,2, also tneluoes a conical portion fomaed by a 
POrtton of membrane 122 surrou„d mg wire 26. Filter I2I als0 ^ , 
generally cyhndnca, portion whtch a, its proxiraa, end is connected to a generally 

Tads ,28 are atrached to wtre 26 at stop 29. Membrane 122 is attached to frame 
.-'4 by a solvent casting method as explained previously with respecI „ ^ „ 
A cyanoacrylate or epoxy adhesive can be used to connect the dista, end of filter 
"I - wire 26. The materrals of constroctton for the filter can be selected from 

polyurethane and treated and c„, aa described with respect to membrane 22 above 
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Figure 6 is a cross sectional view of filter 122 taken from Figure 5. As 
shown in both Figures 5 and 6, filter 121 is in an expanded position. As can be 
seen in Figure 6, spaced at approximately 90° around frame 124 are for bending 
set points 125. Frame 124 can be bent at these points as described in more detail 
below to collapse filter 121 for delivery. Preferably, frame 124 is heat set to 
assume the expanded configuration shown in Figures 5 and 6 when exposed to 
approximately body temperature. The number of set points 125 and tails 128 can 
vary without deviating from the scope of the present invention. 

Figure 7 is a side view of filter 121 disposed in delivery catheter housing 
18. Shown in Figure 7, bending set points 125 adjacent tails 128 are disposed 
proximally of the other two bending set points 125. Figure 8 is a cross sectional 
view of housing IS and filter 121 rotated 90° about the longitudinal ax,s of wire 
26 from the view shown in Figure 7. By reference to both the views of Figure 7 
and Figure 8, it can be appreciated that frame 124 bends proximally at the 
bending set points 125 connected to tails 128 and distally at the more distally 
disposed bending set points 125. 

Figures 9-16 show various housing configurations described in the context 
of a delivery catheter. It can be appreciated by those skilled in the art that one or 
more of these housing configurations could be used for a retrieval catheter as 
well. 

Figure 9 is a cross sectional view of an alternate housing 118 having an 
atraumatic distal portion 140 which tapers distally over filter 21 to a distal tip 120. 
Figure 10 is an end view of housing 118 of Figure 9 showing a longitudinal slit 
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144 extending proxftnally from distal mi m ^ ^ ^ ^ 
dispose* over filter 120 and ,hen heat shrunk around filter 21. Those skilled in 
•he art wi„ appreciate ,ha, hea, shnnk m a t ena, such as. for exantple, Teflon* 
would be suitable for forming taper portion 140. 

Onee housing 118andfl lt er21 are positioned distafly to the treatment site, 
filter 21 can be deployed by withdrawing housing II8 proxiaally . m , 44 „„, 
allow ponton ,40 to open or unwrap as portion ,40 ,s dmwn proxftnally over 
filter 2,. Sli, ,44 as shown in Figure 10 on|y ^ ^ ^ ^ 

HO. however, a slit could extend to the proxima, end of catheter 1,2. Those 
skilled in the art wi„ appreciate tha, such a sli, could be advantageously used to 
remove catheter 1 12 from a standard length wire 26. 

Figure „ is a cross sectional v,ew of an alternate housing 2,8 havin, a 
distal end 220. The diameter of houstng 2, S has been se, such tha, a portion 246 
of filter 2, extends transversely over distal end 220 of housing 21S. This 

provides a smooth atraumatic profile for advancement of housing 2,8 and After 
21. 

F.gure ,2 is a cnass sect.on of ye, an aftemate embodiment of a housing 
3,8 having a dista, end 320 and a dista, portion 340 curving transverse* inward 

profile for advancement of housing 3 1 8 and filter 2 1 to a treatment sfte. 

Figure 13 is a cross sectional view of ye, another embodiment of a 
bousing 4,8. Houstng 4,8 includes an elastomenc tapered portion 440. Tapered 
portton 440 of housing 4,8 has a dista. end 420. Tapered portion 440 presents a 
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desirable atraumatic profile for advancement of housing 418 and filter 21 to a 
treatment site. Once filter 21 and housing 418 are advanced distally of a 
treatment site, housing 418 can be withdrawn proximally from filter 21. As 
housing 41S is withdrawn proximately, elastomeric portion 440 stretches 
transversely such that filter 21 can exit distally from an opening at distal end 420. 

Figure 14 is a cross sectional view of yet alternate embodiment of a 
housing 51 S having a distal end 520. Housing 518 is substantially similar to 
housing 18, except that a highly flexible distal portion 540 is disposed at distal 
end 520. Highly flexible portion 540 can be formed from- a material such as, for 
example, silicone rubber. 

Figure 1 5 is a cross sectional view of yet an alternate embodiment of a 
housing 618 having a distal end 620. A filter 21 is disposed therein. Filer 21 is 
placed on a wire 626 which extends sufficiently beyond the distal end of filter 21 
and distal end 620 of housing 618 to allow a generally conical, elastomeric shell 
640 to be placed over distal end 620 while being connected to wire 626. The 
generally conically shaped shell 640 provides a desirably tapered distal profile for 
advancement of housing 618 and filter 21 to a treatment site. Elastomeric shell 
640 can be formed from a biocompatible material such as, for example, 
polyurethane or silicone rubber. 

As can be seen in Figure 16, as housing 618 is withdrawn proximally 
from filter 21, elastomeric shell 640 will collapse around wire 626. It can be 
appreciated that the amount of elastic rebound, or the extent to which shell 640 
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material. 

Figure 17 is a cross sectional view of a retrieval catheter 50 advanced on 
-o wire 26 of a deployed fifier 21. A retrieval catheter, such as ca,he,er 50 is 

procedure has been completed or ,he (iher is no longer needed. 

Ca,he,er 50 has a housing 52 defining an ,„ner ,u m e„ 53. Catheter 50 
preferah, y has a shafi ponion substantially sirai|ar ,„ , he ^ 

descnhed above could be used ,o retrieve deployed fiher 21. ,, is desirabls tha( , 

retrieval catheter for filter ? I h™* k~,u 

- 1 have bo,h an atraumatic distal ,ip and a larger lumen 

for receiving a deployed filter ?1 T h*t • i 

. .1. That ,s. lumen 53 preferably has a diameter 

greater than lumen ,9 of housing 18 . The insjde ^ of ^ ^ . 
preferably between 3F and 7F and more preferab.y between 4P and 6F and. most 
preferably about 5F. Housing 52 has a distal end 57. 

-o sc,ssor-„ k = elements 60 and 62 which generally taper n a dis(al dirKtio „ 
^posed a, the proximal end of elements 60 and 62. respectively, are inset, tabs 

«2 defining a stop receiving groove therebetween. Catheter 50 and insen 58 can 
be made from biocompanble matenals known * those skilled h ^ „ rf 
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catheter construction. Those materials include, among others those discussed 
above with respect to catheter 12. 

Figure 18 is a view of catheter 50 and filter 21 of Figure 17, wherein filter 
21 has been withdrawn proximally such that stop 29 has engaged insert 58. As 
can be seen in Figure 18, stop 29 has engaged surfaces 68 and 70 of insert 58, 
elements 60 and 62 are pivoted about pivot connector 61 in the direction shown 
by the arrows. This has allowed tabs 64 and 66 to be displaced from insert 
receiving groove 56. It has thus been possible for insert 58, as well as filter 21, to 
have been moved proximally 

Figure 19 is yet another cross sectional view of catheter 50 and filter 21, 
wherein filter 21 has been partially collapsed and withdrawn into housing 52. 
Tabs 64 and 66 of insert 58 are engaging a stop ring 54 to limit further proximal 
movement of filter 21 relative to housing 52. In the configuration shown in 
Figure 19, housing 52 and filter 21 can be withdrawn from a patient's body 
proximally. 

Figure 20 is a cross sectional view of an alternate embodiment of a 
retrieval catheter 150. Retneval catheter 150 includes a retrieval housing 152 and 
shaft 151. Housing 152 defines a retrieval lumen 153, and has a distal end 157. 
Catheter 150 is preferably made from materials the same or similar as those used 
to make catheter 50. Lumen 153 is also preferably sized similarly to lumen 53. 

Disposed within catheter 150 is an insert catheter 172. Insert catheter 172 
extends proximally from the proximal end of catheter 150 and is longitudinally 
slidable therein. Insert catheter 172 includes a shaft 174 having a transversely 
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enU, sed ponionI76 . Pon , -Mm**. 

P re,CTab| y has a w»„ outside iimaer „ f 

,74 -- i °»'^*-w^ receivijlgIumral78portioni76asshownta 

Figure 20, extends distally of disrai p„h i ^, 

y d ' Stal £nd 157 of hou ^g 152 and includes a tapered 
port.cn 180 tapering to a distal end 181 A sheath 182 p t „ 

Sheatn 182 ext ends proximally from 
taper portion 180 over and around distal end H7 • 

tal 6nd 157 of h0 "sing 152 to present a 
smooth tapered distal profile. An alternate emhnH- 

Crnate emb odiment of catheter 172 could be 

made without sheath 182. 

in tbe an wott,d appreciatc ,„ e ^ 

; vai,abie for cras,rac,iM ° f tom — — - sho uM be formed 

f ° med 3 rda " VC ' y taibfe ««™ --a,, which is 5ufficiem , y 
(table ,o deform as described in more detail below. 

^^-^orca^^Oand^^rp^^^ 
21 » d '* Have been moved P ro*ima„y suc h thaI sheath ,„ ^ 

— »» —2- moved P— yu „, fllter2Ijsco , Iapsed 
and substantially drawn into housing 152. 

^ur= 22 is a cross sectional view of an alternate „ f , 

retrieval catheter 250 havin* a shaft •>< i , ^ • 

m. shaft 251 and retrieval housing 252. Housing 25? 

defines an inner lumen 253 and has a distal end w rv 

distal end 257. Disposed within housing 

' — - ». , a dista, bnm P er 28 , Dispos J 
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made from materials similar to those used to construct catheter 50. The inner 
diameter of lumen 253 is preferably similar to that of lumen 53. 

Slidably disposed within lumen 253 is a housing insert 272. Insert 272 
includes an elongate portion 274 having a bumper 276 disposed at the proximal 
end thereof. At the distal end of elongate portion 274 is an atraumatic tip 278 
which is preferably formed from a soft atraumatic material adhered to elongate 
portion 274. Tip 278 preferably has a tapered end 280 extending to a distal tip 
281. Extending transversely from tip 278 is a friction ledge 282 which engages 
distal end 257 of housing 252. 

In use, when it is desired to retrieve deployed filter 21, catheter 250 is 
advanced over wire 26 until distal tip 281 engages stop 29. Catheter 250 is then 
pushed against pressing stop 29 and distal tip 281. The pushing force on catheter 
250 is increased until friction ledge 282 deforms allowing insert 272 to move 
proximally in housing 252. Bumpers 286 can limit the distal travel of insert 272, 
bumpers 28S limit the proximal travel of insert 272 such that filter 21 will be at 
least partially collapsed and withdrawn into housing 252 for withdrawal from the 
body. 

Figure 23 is a cross sectional view of catheter 150 into which an alternate 
msert catheter 372 has been placed. Insert catheter 372 is similar to insert 
catheter 172 except that, rather than including a solid expanded portion 176, 
catheter 372 includes a balloon 380 disposed at the distal end of a shaft 374. An 
inner shaft 375 extends through shaft 374 and defines an annular inflation lumen 
378 between shaft 375 and shaft 374 in fluid communication with balloon 380. 
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Shaft 375 also defines a wire receivmg lume „ m ^ ^ ^ ^ 
-apered distal porton 382 which lapers ,o a dis,a, end 384 sealably conneced ,o 
.he distal end of shaft 375. Those shifled in ,he an of bafloon ca,he,er 

constnaction will recognize ,he ma,ena,s available for construction of balloon 

catheter insert 372. 

In use, balloon 380 can be inflow ^ ^ 

v can oe inflated and disposed at distal end 157 of 

housing ,52 for advancement over w.re 26. ,„ mis conflguralion , ^ m 
presents a tapered atraumatic profile desirable for advancement of catheter ,50 to 
filler 21. Balioon 380 can then be deflated and bafloon inset, catheter , 72 can be 

proximally from the patient's body. 

Figure 24 is a schematic, cross sectional view of a manifo.d forretneval of 
a catheter ,50 and bafloon insen catheter 372. Man.fo,d 700 includes a positive 
prep pen ponton 702 connected to the proxtmal end of catheter ,52. The positive 

prep port portion 702 includes a positive nren „ nrt • 

4 positive prep port 7(b m fluid communication 

wi.h, U me„ ,53ofshaft ,5, of catheter ,50. Positive prep ponion 702 preferably 
".eludes a, its dista, end an interference connector 704 to connect a strain relief 
706 thereto. Positive prep pen p „n, 0 „ 702 also includes a s„de stop 708. One 

skilled in the art would recognize thxt r^o^ r m 

recognize that manifolds can also be used for delivery 

catheters. 

Manifold 700 tncludes a bafloon prep ponjon 710 slldab|y dispQscd ^ 
positive prep ponion 702 for ,o„ g i,udi„al movement relative to ponion 702. 
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catheter shaft 374 is connected to balloon prep port portion 710. Balloon prep 
port 712 is in fluid communication with balloon inflation lumen 378. Portion 710 
also includes a stop slot 714 for receipt of stop 708 and a lumen 716 for slidable 
receipt of positive prep portion 702. A plurality of threads 71 7 are disposed at the 
proximal end of portion 710. 

A collet 718 is disposed in pan within portion 710 and in pan between 
ponion 710 and a guidewire clamp 720. Clamp 720 includes a plurality of 
threads 721 engageable with threads 717 of portion 710. Clamp 720 includes a 
guidewire prep port 722. Collet 718 can be tightened or loosened to hold 
guidewire 26 therein by threading or unthreading clamp 720 from portion 710. 
Collet 71 S is shown clamped on wire 26 in both Figures 24 and 25. 

In use, balloon 780 can be advanced to distal end 157 of catheter 150 
when portion 710 is advanced distally over positive prep portion 702 as shown in 
Figure 24, such that stop 70S is at the proximal end of stop slot 714. Balloon 708 
can inflated by way of inflation port 712. In this configuration, catheter 150 and 
insert 372 can be advanced over wire 26 to retrieve filter 21. Then collet 718 can 
be tightened to hold wire 26. Positive prep portion 702 is then pushed distally to 
capture filter 21. This will draw filter 21 into housing 152 of Figure 23. Balloon 
380 can be deflated prior to moving positive prep portion 702 distally. Stop 708 
will be at the distal end of stop slot 714, as shown in Figure 25, after housing 152 
is moved over filter 21. Contrast media, saline or other fluids may be infused 
through positive prep port 703 as needed. Fluids could also be withdrawn through 
703, if necessary. In the above embodiments, it has been shown that filter 21 
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reams s .a,io„ary, whi le the various housing OTbodimenIS tave ta iexrM 
as being advanced over ,he s,a.io„ary m,er 2. ,„ order ,„ re t rieve said fiher. 
Re,„ev,„ s m,er 2, i„,„ th e housing ^ . possib|e metho<) tf ^ _ $ 

no, preferred because of po.en.ia, injury .o ,„e vessel iumen wa„ as ,hc f,„er is 
dragged therein. 

Figure 26 is a cross sec.iona. view of „ aIlernale rf § 

fton, which ex,ends an .n.erference connecor 804 ,o connec, a ,rai„ rehef 806 
U.ere.0. Shaf, ,5, of ca.he,er ,50 is coru.ec.ed ,o arm SOX Hand.e 802 inCudes 
a prox.naa, am. 805. Ex.e„di„ g benveen proxuna, a™ 805 and dis.nl am, 803 is a 

prep portion 810 includes a balloon preo nort sn in fi -a 

prep port 812 ,n flmd communication with 

lan.cn 378 a, ca.he.er 372. Shaf. 374 is connect .o baHoon prep pornon 8,0 
Wire 26 ex,e„ds ,hrou 8 h portion 8,0 which is sea,ed around wire 26 by sea, 8,3 

«0 is s„dab,e ,on g i,udina„y over rail 807. Prox , mal ann 805 a|sQ ^ § 

threadable connector portion 817 threadihlv r«„„ , a 

inreaoably connected to a guidewire clamp 820. 

A collet 818 is disposed between arm 8<K o a i 

erween arm S0:> and clamp 820 which is threadably 

connected by threads 821 to threads 817 Clamn R<>n • i a 

i. Clamp 820 includes a guidewire prep 

port 822. 

■a use, balloon 780 can be advanced ,o .he dista, end ,57 of ca.he.er ,50 
by advancing ponion 810 dista „ y ^ ^ ^ ^ ^ ^ ^ ^ ^ 

can be infla.ed by way of inflahon por, 8,2. ,„ this C o„n g „ra,ion, ca.hc.er ,50 
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and insert 372 can be advanced over wire 26 to retrieve filter 21. Collet 818 can 
then be tightened to hold wire 26. Handle 802 is then pushed distally to capture 
filter 21. This will draw filter 21 into housing 152. Balloon 3S0 can be deflated 
prior to moving handle 802 distally. Portion 810 will then be repositioned 
proximally adjacent arm 805. As described with respect to manifold 700, it is also 
possible to hold handle 802 stationary and move wire 26 distally to draw filter 21 
into housing 152, however, this method is not preferred because of potential 
injun to the vessel lumen wall as the filter is dragged proximally. 

Numerous characteristics and advantages of the invention covered by this 
document have been set forth in the foregoing description. It will be understood, 
however, that this disclosure is, in many respects, only illustrative. Changes may 
be made in details, particularly in matters of shape, size and ordenng of steps 
without exceeding the scope of the invention. The invention's scope is, of course, 
, defined in the language in which the appended claims are expressed. 
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What is claimed is: 

1 • A filter assembly, comprising: 

a catheter including an elongate shafl havmg , proxima| ^ ^ ^ ^ 
end and a housing disposed a, ft. dista, end, tbe housing having . distal eni , 

an e,o„ga,e wire extending a, leas, in par, .hrough ,he ca,he,er, ,he wire 
having a proximal end and a distal end; and 

a filter connected ,„ the wire proximate the distal end of the wire, and the 
filter being disposed in a position at leas, in pan within the housing. 

2- The filter in accordance with claim 1. wherein the fi|Kr js 
outside the housing 

£3" 



->• The filter in accordance with claim -> f„w^ ■ ■ 

un claim 2 - fu rther comprising a housing 

insert disposed within ,he housing and extending dis,a„y .herefrom when ,he 
filter is in the position outside the housing 



4. The fiher assembly ,„ accordance with claim 3. wherein the inset, 
tapers distal iy. 



5- The fiher assembly in accordance with claim 3, wherein the insert 
is releasably connected to the distal end of the housing. 
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6. The filter assembly in accordance with claim 3, wherein the insert 

includes a balloon. 

7. The filter assembly in accordance with claim 6, further comprising 
a manifold disposed at the proximal end of the shaft, the manifold including a 
positive prep port, a guidewire port and balloon inflation port. 

8. The filter assembly in accordance with claim 3, wherein the insert 
includes a flap which extends transversely over the distal end of the housing. 

9. The filter assembly in accordance with claim 1. wherein the distal 
end of the housing is heat shrunk around the at least a portion of the filter. 

10. The filter assembly in accordance with claim 1, wherein a portion 
of the filter extends transversely of the distal end of the housing 

11. The filter assembly in accordance with claim 1, wherein the distal 
end of the housing extends transversely inward toward the filter. 

12. The filter assembly in accordance with claim 1, wherein the distal 
end of the housing includes an elastomeric sheath which tapers distally. 
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a The fiber assembly in accortanca with claim ,. wherein ,he dista. 
end of the housing is atraumatic. 



14- The filter assembly in accordance with claim 1, mrther comprising 

a collapsible shell connected to the wire anH Hie a u 

o me w,re and disposed substantially distally of the 

filter. 



'5- The fiber assembly in accordance with Cairn I, wherein .he w,re 
extends distally of the filter. 



The filter assembly in accordance with claim ,5, further 



comprising a spnng tip at the distal end of the 



wire. 



»■ The nicer assembly in accordance with Cairn ,. wherein ,he 
pon,o„ of me shaft ,o a proximal ponion of me shaft. 



The Hher assembly in accordance wift c|ajm , ? ^ ^ 
coupling includes a bayonet fastener. 



The fiber assembly ,„ accordance wit „ ^ ^ ^ 
coupling includes a threaded fastener. 
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20. The filter assembly in accordance with claim 1, wherein the 
elongate shaft includes a longitudinally collapsible member. 

21. The filter assembly in accordance with claim 20, wherein the 
longitudinally collapsible member includes a braid. 

22. The filter assembly in accordance with claim 1, wherein the 
catheter is a filter retrievable catheter. 

23. The filter assembly in accordance with claim 1, wherein the 
catheter is a filter delivery- catheter. 

24. A guidewire assembly, comprising: 

an elongate guidewire having a proximal end and a distal end; and 
a filter disposed at the distal end of the wire, the filter including an 
expandable frame and a filter membrane. 

25. The guidew,re assembly in accordance with claim 24. wherein the 
wire extends distally of the filter. 

26. The guidewire assembly in accordance with claim 25, further 
comprising a spring tip at the distal end of the wire. 
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-7. The g u,dew irc assembly in ^ ^ ^ ^ ^ 
frame includes a NiTi alloy. 



«■ The g uide„, ire assemb|y jn ^ ^ ^ ^ 

membrane surrounds a portion of the wire. 



«■ The g uidew ire assembly jn accordMce w . h da . m ^ whOTin ^ 
filter membrane ponion of .he filter tapers distally. 



30. The S u id ew ire assemb.y in accordancc w , h ^ ^ ^ ^ 
membrane includes polyurethane. 



3>- The guidewire aK emb,y ,„ accordance ^ ^ ^ ^ ^ 
membrane defines a plurality of apertures. 



32- A method of reaving and dep| oying an ^ 
compnsing the steps of: 

providing a catheter having an elongate *h*f, u 

S an elongate shaft having a distal end and a 

proximal end, and a housing disposed at the distal end h 

me distal end, and providing a filter 

disposed on an elongate wire; 

placing the filter in the housin- 

advancing the filter and housing to a treatment site; 
removing the filter from the housin 
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replacing the filter in the housing; and 



withdrawing the filter and housing from the treatment 



site. 



A method in accordance with claim 32, wherein the filter is placed 
in the housing by moving the housing distally to capture the filter. 
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